We describe the lumbosacral epidural approach in 97 children undergoing abdominal urologic surgical procedures. Due to the rudimentary spinous process of the first sacral vertebra and the less prominent sacral angle, an appropriate upward inclination of the Tuohy needle in the midline is always possible in infants and small children. A catheter was easily inserted in every case and the technique was shown to be useful and safe for providing adequate intraoperative and postoperative pain control.
Regional anaesthesia in children is growing in popularity, mainly because it produces profound analgesia with minimal physiologic alterations. 1 In urologic surgery the introduction of a catheter into the epidural space is a useful anaesthetic technique in providing optimal intraoperative conditions and adequate postoperative pain control. 2 However catheters introduced through the caudal route are difficult to keep sterile 3 and epidural catheters are sometimes difficult to insert, particularly in small children, unless a paramedian approach is used. 4 In addition, when using the lumbar approach, complications such as traumatic injuries of the spinal cord and spinal arteries should be regarded as a possibility. 5 In children a possible alternative to the caudal and lumbar approach could be Taylor's technique. In 1940, Taylor described the lumbosacral approach to the subarachnoid space for low spinal anaesthesia in urological procedures on the bladder and prostate in adults 6 and this approach has also been used for access to the epidural space. 7 This technique has been modified by us and used in 97 children undergoing abdominal urologic surgery. 
MATERIALS AND METHODS
All 97 children were studied after approval had been obtained from the local Ethics Committee and written informed consent had been given by the parents. The children were scheduled to undergo surgery for ureteral reimplantation (52), pyeloplasty (37) and nephrectomy (8) . All the patients had fasted for six hours before anaesthesia and were premedicated with diazepam 0.2 mg/kg orally one hour before surgery. They were monitored with ECG, pulse oximeter, capnograph and precordial stethoscope. Arterial pressure was measured with an automated sphygmomanometer every five minutes. All children received general anaesthesia before the epidural. As the operation would last more than one hour, anaesthesia consisted of halothane .0.5% or isoflurane 0.8% in oxygen 50% and nitrous oxide 50% via an endotracheal tube. Intubation was performed under general anaesthesia combined with topical anaesthesia of the larynx using lignocaine 1 %, 1-2 mg/kg, as described by Davenport 8 and the use of any muscle relaxant was thus avoided. Ventilation was controlled by intermittent positive pressure. Once the child was intubated, an intravenous line was inserted for the administration of glucose 2.5% in half-strength Ringer's lactate 10 mVkg/h. When all vital signs were stable, the child was turned on his side with the legs flexed. The skin of the back was disinfected and draped.
The large space between the spinous process of the fifth lumbar vertebra and the rudimentary spinous process of the first sacral vertebra was n: 40 located by palpation 5-10 mm superior to the line joining the posterior superior iliac spines.
An 18 gauge Tuohy needle was inserted in the midline immediately superior to the spinous process of the first sacral vertebra and directed cephalad. The cephalad angle was approximately 40 to 50 degrees to the long axis of the spine below. A syringe containing air or normal saline and attached to the hub was used to identify the epidural space by loss of resistance. 9 Once the epidural space had been located, a 100 cm, 20 gauge nylon catheter was introduced through the needle and inserted 1-2 cm into the epidural space. Before the needle was withdrawn, the distance to which it had been inserted was noted. The catheter was subsequently fixed to the child's back with steristrips and a wide transparent adhesive drape. After an aspiration test, a test dose ranging from 0.5 to 2 ml of mepivacaine 1 % with adrenaline 1 :200,000 was given, followed (after three minutes) by an anaesthetic dose of 0.75 mllkg (7.5 mg/kg) of mepivacaine 1 % plain solution. ID The speed of injection was 0.5 mllsecond. Additional epidural injections of mepivacaine 1 % (3 mg/kg) were given approximately every hour during lengthy operations. The epidural block was considered successful if neither heart rate nor mean arterial pressure changed after the surgical skin incision. At the end of surgery, inhalational anaesthesia was discontinued and the trachea was extubated. Blood loss was minimal in all patients.
In the recovery room the patients received 0.05 mg/kg of preservative-free morphine via the epidural catheter. 1O The same dose of morphine was repeated on the onset of discomfort by the patient, and after 24 to 36 hours the catheter was removed.
RESULTS
Physical details of the patients are summarised in Table 1 and Figure 1 . No blood pressure or heart rate response to skin incision was observed. As the children were under general anaesthesia it was impossible to assess the level of analgesia directly. However, tachycardia and an increase in blood pressure (more than 5% above the baseline) were taken as the main indication of insufficient analgesia, but in two cases bradycardia was noted in response to painful surgical stimulation. On these criteria, a second epidural injection of mepivacaine 1 % plain (3 mg/kg) was necessary in all patients after 61 minutes (SD 5), and a third injection in 21 patients after a further 67 minutes (SD 5).
No symptom of mepivacaine toxicity was observed. There was no case of dural puncture no sign of blood in the catheter and no other complication.
The great variation in the distance between the needle entry-point and the epidural space was explained by the large range of both age and body size, and by the needle angulation, which was not exactly the same in all patients.
The postoperative period was uneventful. The interval between the first and the second epidural injection of morphine was six hours (SD 1) and between the second and third eight hours (SD 1). Epidural morphine proved useful in providing analgesia and no child showed symptoms of discomfort related to pain. However, nausea and vomiting occurred in nineteen children and pruritus in 32. No patient required naloxone for respiratory depression. There was no evidence of infection of the epidural space or at the site of insertion of the epidural catheter.
DISCUSSION
The L5-S 1 interspace is the largest in the vertebral column. 7 Many anaesthesiologists complain about the lack of paediatric epidural equipment. II -13 The large LS-S 1 interspace easily admits an 18 gauge needle and, therefore, the equipment available for adults can be used. Larger needles have the advantage that identification of the epidural space is easier. 14 In the adult the spinous process of the fifth lumbar vertebra projects caudally in such a manner as to preclude entry into the epidural space from a skin area directly over it. 6 A midline epidural puncture at LS-Sl has been said to be difficult.14 However, in this series it was successful in all children. Insertion of the needle in the midline is a safe technique. Lateral angulation ofthe needle (as in Taylor's original description) may result in oblique penetration of the ligamentum flavum and vascular or neural damage. 14 Since the spinous process of the first sacral vertebra is rudimentary, cephalad inclination of the needle (in the midline) is possible ( Figure 2) . The effective depth of the epidural space available for the bevel of the needle is increased 13 and the insertion of the epidural catheter is made easier. 14 No dural puncture occurred in this series. Cephalad inclination of the needle offers the further advantage that, if the Tuohy needle encounters the dura, it is the round part of the tip which makes contact. This is in contrast with the 90 degree approach (as with the lumbar epidural approach) in which the sharp part of the tip contacts the dura first. 13 Compared with the lumbar epidural,S the lumbosacral approach further reduces the risk of damage to the spinal cord and spinal arteries because these structures are located much higher in the spinal canal.
In the postoperative period, epidural opioids were used to provide pain control. Preservativefree morphine was given according previous reports. 10-12 Itching, nausea and vomiting were the most frequent postoperative side-effects. Respiratory depression however, was not observed.
In conclusion, this study has described the use of the lumbosacral approach to the epidural space and the postoperative pain management after abdominal urologic surgery in children. Taylor's description, originally applied to adults, has been modified so that the space is approached in the midline, but the cephalad inclination of the needle has been retained. The authors believe this technique to be useful and safe in urological procedures in children for both intraoperative and postoperative pain control.
